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Abstract

The Standard Model (SM) has been extremely successful in explaining the funda-
mental interactions among elementary particles. However, the electroweak sym-
metry breaking (EWSB) sector of the SM remains untested yet as its central pillar,
known as the Higgs boson, has not been discovered so far. That is why the most
important goal of the current and future colliders like the Large Hadron Collider
(LHC) at CERN and the International Linear Collider (ILC) is to discover the
Higgs boson and study its properties with great precision so as to ascertain it
to be the SM Higgs as different alternate scenarios beyond the SM (BSM) e.g.,
Minimal Supersymmetric Standard Model (MSSM), Two Higgs Doublet Model
(THDM) ete. allow for a number of Higgs particles. Also, the top quark, because
of its large mass (close to EWSB scale), is considered to play an important role
in the probe of EWSB. In this thesis, we study Higgs boson and top quark cou-
plings in various new physics (NP) scenarios and at different colliders to probe the
EWSB utilizing the polarization of the final state top quark at the LHC and the
polarization of the initial beams at the ILC.

In the case of the ILC, we study anomalous ZZ H and vZH couplings in the
process ete” — ZH with polarized initial beams. We consider both electron
and positron beams to be polarized simultaneously. Our main emphasis in this
work is to obtain simultaneous limits on the anomalous couplings to the extent
possible making use of combination of observables and/or polarizations. We study
angular distributions of the Z using both longitudinally as well as transversely
polarized beams and construct various asymmetries. We also study the angular
correlations of the charged leptons coming from Z decay. Using the momenta
of the charged leptons, we construct various correlations having definite CP and
T transformation properties. We find that the longitudinal polarization helps to
enhance the sensitivities of the couplings relative to the unpolarized case. The
most remarkable result from the study of transverse polarization is that it helps
to probe a specific coupling Ima., which is inaccessible in the distributions with
longitudinally polarized as well as unpolarized beams.

In the context of the LHC, we focus on the study of NP involved in single-top
production. First we study the single-top production in association with a W~
boson to study the sensitivity of the LHC to anomalous tbWW couplings. Here we
also consider the possibility of CP violation. Then we study single-top production

in association with a charged Higgs in THDM of type II and probe the parameters
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of the model at the LHC. In these studies, we utilize polarization of the final
state top quarks since different NP scenarios give different predictions for top
polarization. As a measure of top polarization, we look at various laboratory frame
distributions of its decay products, viz., lepton angular and energy distributions
and b-quark angular distributions, without requiring reconstruction of the rest
frame of the top. In the charged Higgs case, we only study charged lepton angular
distributions as they have been proven to be independent of any NP involved in
top-decay and hence are the pure probes of parameters of THDM contributing
only in the production. We construct certain asymmetries to study the sensitivity
of these distributions to the NP involved in the single-top production. We find
that these asymmetries are sensitive probes of the NP involved in the single-top

production.
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